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(g) A data processing system having a dynamic priority task scheduler. 
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(g) A data processing system includes a server 
which has a task scheduler for receiving task 
requests for access, and granting access to 
system resources based upon a multidimen- 
sional scheduling technique wherein groups of 
tasks are assigned a priority level within a priori- 
ty scheme, and within each group round robin 
scheduling assures each task will have access 
to system resources in turn and a dynamically 
programmable technique for responding to re- 
quests from time- dependent isochronous re- 
quests for system resources. 
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FIELD OF THE INVENTION 

The present invention relates to data processing 
systems, and nrtore particularly to data processing 
systems having the capability of assigning priority to . 5 
a number of substantially simultaneous requests for 
service by the data processing system. 

In many data processing systems, there are often 
simultaneous requests for access to various resourc- 
es within the data processing system. io 

A task scheduler is a device which determines the 
priority and order of execution of several simultane- 
ous task requests and gives the ^/vinning" task a sig- 
nal to proceed. In many ways, a task scheduler Is sinrv 
ilar to a traffic signal where cars approach an inter- is 
section simultaneously and the traffic signal controls 
which car will have the right of way. The traffic signal 
is a task scheduler. 

There are several different ways for a task 
scheduler to determine which task to give access to 20 
system resources. Each scheduling technique has 
advantages and disadvantages. 

For example, a "highest priority* system gives 
each requesting task a priority and always gives the 
winning signal to the highest priority requesting task. 25 
The advantage of this technique is that each task can 
be given an importance, and the most "important" 
task will always execute first. This technique is also 
easiest to implement. The disadvantage of the high- 
est priority technique is that high priority tasks can 30 
*hog'* the resources and block out lower priority tasks 
from ever executing. Also, if two or more devices 
need to have the same priority, one must be given 
preference over the others and will have more access 
to the resources than lower priority tasks. 35 

Around robin technique gives each task the same 
priority and ensures that each task request gets ac- 
cess to system resources in turn. A simple traffic light 
is a good example of a round robin scheme wherein 
each lane gets it turn until every lane has had an op- 4C 
portunity and then the pattern repeats. The advan- 
tage of this method is that each requesting task gets 
its fair share of system resources and is assured of 
getting a turn. The disadvantage of the round robin 
technique is that lower priority tasks get as much of 45 
the system resources as the higher priority tasks. 

In a time division access technique, each task is 
given a predetermined amount of time to execute and 
then the system proceeds to the next task. Each task 
is assigned a window of time and gets to execute dur- so 
ing that window. When its time window is complete, 
the next task gets its turn. A task does not get another 
chance until its next time window occurs. The advan- 
tage of this technique is that each task is given a 
chance to execute, and no task can hog the resourc- 55 
es. Also, the amount of time each task wilt have ac- 
cess and the time between accesses are predeter- 
mined and can be used to support time critical proto- 



cols such as isochronous data transmissions. The 
disadvantage of the time division technique is that a 
task may not have anything to do during its window 
of time, and therefore that time would be wasted since 
no other task can use the resources. As can be seen 
from the above discussion, each task scheduler tech- 
nique has advantages and disadvantages. The dy- 
namic priority task scheduling technique according to 
the present invention provides a fair, efficient techni- 
que that supports task priority, round robin, and iso- 
chronous data transfers. 

SUMMARY OF THE INVENTION 

Therefore, it is a primary object of the present in- 
vention to handle a number of tasks simultaneously 
requesting access to system resources in a manner 
which provides for priority between groups of tasks, 
equal access within groups of tasks, and provides for 
access for time dependent isochronous tasks. 

Accordingly, a data processing system embody- 
ing the present invention includes a server which has 
a task scheduler for receiving task requests for ac- 
cess, and granting access to system resources based 
upon a multidimensional scheduling technique 
wherein groups of tasks are assigned a priority level- 
within a priority scheme, and within each group round 
robin scheduling assures each task will have access 
to system resources in turn and a dynamically pro- 
grammable technique for responding to requests 
from time-dependent isochronous requests for sys- 
tem resources. 

It is a significant advantage of the present inven- 
tion that task scheduling can be accomplished which 
will accommodate time dependent requests for sys- 
tem access as well as a prioritization scheme and a 
round robin technique which assures that all requests 
for access to system resources by any task will be 
provided access in turn and that no task will be locked 
out from access. 

The foregoing and other objects, features, and 
advantages of the invention will be apparent from the 
following more particular description of a preferred 
embodiment of the invention as illustrated in the ac- 
companying drawing in which like reference charac- 
ters referred to the same parts throughout the differ- 
ent figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the pres- 
ent invention, and the advantages thereof, reference 
is now made to the following descriptions taken in 
conjunction with the accompanying drawings, in 
which: 

FIGURE 1 is a block diagram of a data processing 
system according to the present invention having 
a number of devices which may simultaneously 
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request access to system resources. 
FIGURE 2 is a block diagram of the server shown 
in FIGURE 1 according to the present invention. 
FIGURE 3 is a block diagram of the task schedu- 
ler of FIGURE 2 according to the present inven- s 
tion. 

FIGURE 4 is a block diagram of a data flow inter- 
face adaptor as shown in FIGURE 3 in accor- 
dance with the present invention. 
FIGURE 5 is a block diagram of the process for io 
detenmining priority among group requests ac- 
cording to the present invention. 
FIGURE 6 is a diagram showing the group round 
robin control technique in accordance with the 
present invention. is 
FIGURE 7 is a block diagram of the programma- 
ble time scheduling circuit in accordance with the 
present invention. 

FIGURE 8 is a block diagram of a portion of the 
task scheduler of FIGURE 3 showing the process 20 
for final grant of access to a particular task. 
FIGURE 9 is a circuit diagram showing prioritiza- 
tion of a number of requests in accordance with 
the present invention. 

FIGURE 10 is a circuit diagram showing the 25 
round robin access control in accordance with the 
present invention. 

FIGURE 11 is a schematic diagram showing se- 
lect logic and priority logic in accordance with as- 
pects of the present invention. 30 
FIGURE 12 is a block diagram of elements of a 
task scheduler according to the present inven- 
tion. 



DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE INVENTION 
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Referring now to FIGURE 1, a data processing 
system 100 having a server 101 and a number of re- 
questing devices connected to a network 106 will be 40 
described. The server 101 has a control and process- 
ing unit 102 and an interface unit 104 both of which 
will be described in more detail below. The server 101 
is connected through interface unit 1 04 to one or more 
networks such as 106 which may be local area net- 4S 
works, wide area networks, or nationwide or interna- 
tional data transmission networks orthe like. Stations 
108. 110, 112. 114. 116. 118. 120. 122. 124. 126. 128 
are representative of stations which may be connect- 
ed to network 1 06 or other networks which may have so 
a need to raise a request for access to system re- 
sources through server 102 and interface unit 104. 

Referring now to FIGURE 2. a server wilt be de- 
scribed in further detail. 

Control and processing unit 102 includes a proc- 55 
essor 12. a storage unit 14, a processor subsystem 
bus 16. a local control and input/output unit 18 such 
as might be required for communicating with devices 



such as printers, keyboards, displays, and the like, 
and task scheduler 22. Processor 12. storage unit 14. 
and local control and input/output unit 18 connected 
to processor system bus 16 perform the usual func- 
tions of control, processing, storage and input/output 
which are commonly done by those elements in a Von 
Neumann computer architecture system. Task 
scheduler 22 controls the grant of requests for access 
to system resources and manages data buffers. Infor- 
mation regarding requests for access is stored in link 
list 26 and associated data is stored in data buffer 28. 
Both link list 26 and data buffer 28 operate under the 
control of task scheduler 22. Task scheduler 22 con- 
trols the flow of data on data flow interface bus 24 
which connects the control and processing unit 102 
to the network interface unit 104. 

Network interface unit 104 includes a number of 
data flow interface units such as local area network 
interface unit 30. wide area network interface unit 32. 
and data storage interface unit 34. Local area net- 
work (LAN) data flow interface unit 30 is connected 
to a network such as 106 by lines 36. Wide area net- 
work (WAN) data flow interface unit 32 is connected 
to a network (not shown) by lines 38 and data flow in- 
terface 34 is connected to a data storage network (not 
shown) by lines 42. 

For the purpose of the present invention, one net- 
work is sufficient to illustrate the apparatus and 
method according to the present invention. 

Referring now to FIGURE 3. task scheduler 22 
will be described in further detail. 

A processor interface 304 in task scheduler 22 is 
connected by lines 302 to processor bus 16, Buffer 
manager 306 controls and maintains link lists 26 con- 
nected to buffer manager 306 by line 308 and data 
buffers 28 connected to buffer manager 306 by line 
312. Linked lists 26 store the buffer linked lists for 
three types of buffers. Linked lists 26 stores address 
pointers to three categories of data buffers in data 
buffers 28. Linked lists of empty buffers are stored in 
section 262 of linked lists 26, receive data buffer 
linked lists are stored tn section 264. and transmit 
data buffer linked lists are stored in section 266. Data 
buffers 28 contains three categories of buffers which 
match the linked lists which contains pointers to the 
three categories of data buffers in data buffers 28. 
Data buffers 28 contained empty buffers 282, receive 
port data buffers 284. and transmit port data buffers 
286. Buffer manager 306 manages the buffer linked 
lists operations. A data flow interface unit such as 
LAN DFI 30 presents a request to buffer manager 306 
for one or more empty buffers in which to store re- 
ceived data. Buffer manager 306 assigns one or more 
empty buffers to LAN DFI 30 and removes the empty 
buffer pointer from the empty buffer linked lists 262. 
Buffer manager 306 then creates a receive port data 
buffer linked list associated with the request from 
LAN DFI 30. The receive port data buffer linked list is 
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stored in section 264 of linked lists 26. The data flow 
Interface unit 30 then causes the received data to be 
stored in the receive port data buffers 284 assigned 
by buffer manager 308. When the data frame has 
been completely stored in receive port data buffers 5 
284, LAN DFl 30 identifies a target port to buffer man- 
ager 306. Buffer manager 306 then transfers the data 
buffer linked list associated with the received data to 
a transmitted data buffer linked list which is stored in 
266, and a notice is sent to the target port of the arrival io 
of the data in data buffer 28 by buffer manager 306. 
After the data has been completely transferred to the 
target port, the target port releases the transmit data 
buffer 286, and buffer manager 306 places the poin- 
ters associated with the released buffers to the empty 15 
buffer linked lists 262. 

Request/grant arbitration unit 314 responds to 
and grants requests based upon the arbitration strat- 
egy in accordance with the present invention. Data 
flow interface (DFl) bus interface 316 communicates 20 
between task scheduler 22 and data flow interface 
bus 24. 

Referring now to FIGURE 4, a representative 
data flow interface unit such as LAN DFl unit 30 will 
be described. DFl unit 30 includes a data flow inter- 25 
face bus interface 402 which provides communication 
between data flow interface 24, received buffer 404, 
transmit buffer 406, and device drivers 408. Device 
drivers 408 communicate with the network such as 
network 106 shown in FIGURE 1 above. Interface 30 
402, buffers 404 and 406 and device drivers 408 op- 
erate to transmit data between the external network 
1 06 and data flow interface bus 24. 

A request for access to system resources from 
another device such as device 108 connected to net- 35 
work 106 is presented as an input to request bus in- 
terface 41 2 which communicates the request through 
DFl bus 24 to request/grant arbitration unit 314 in task 
scheduler 22 (see FIGURE 3). 

A typical data flow for system 100 is as follows: 4o 

Data arrives on line 36 at LAN DFl unit 30. DFl 
unit 30 issues a request for a free buffer to task 
scheduler 22. Task scheduler 22 issues an address 
pointer to a free buffer to LANDFI unit 30. The data 
on line 36 is then moved into the buffer by LAN DFl 45 
unit 30 through task scheduler 22 to data buffer 28. If 
more space is required, LAN DFl unit 30 issues an- 
other request to task scheduler 22 for free buffer 
space. At the end of the data string input on line 36, 
LAN DFl unit 30 issues a command to task scheduler so 
22 to enqueue the data packet to a target data flow 
interface unit such as another LAN DFl, a WAN DFl 
such as 32, the data stored unit DF! unit 34, or proc- 
essor 12. Task scheduler 22 places the data packet 
into the target DFl units queue which is stored in link 55 
list 26, Task scheduler 22 then raises a flag to the tar- 
get DFl unit such as WAN DFl 32 to indicate a change 
in the queue status for the target DFl unit. WAN DFl 



32 (the target DFl unit) reads the updated queue sta- 
tus. The target DFl (WAN DFl 32) issues a command 
to task scheduler 22 to obtain packet data, and task 
scheduler 22 returns information to WAN DFl 32 in- 
dicating data packet location and data length. 

The target DFl 32 then moves the data packet 
from the data buffer 28 into its local buffer such as 
transmit buffer 406 (see FIGURE 4) for further proc- 
essing. When the movement of the data packet is 
completed, the target DFl 32 raises a flag to task 
scheduler 22 indicating that the data move is complet- 
ed. Task scheduler 22 then frees the data buffer 28 
used for the operation for use on a subsequent data 
transfer operation. 

OPERATION OF THE PREFERRED 
EMBODIMENT OF THE INVENTION 

When more than one request for access to sys- 
tem resources is presented to task scheduler 22, 
tasks are granted access in accordance with a prede- 
termined overall priority in which programmable time 
requests (isochronous time dependent requests) are 
granted highest priority, group 1 requests are next fol- 
lowed by group 2 requests, group 3 requests, etc, to 
the last or lowest priority which is group N requests 
where N is the highest group number requesting ser- 
vice at any time in the system. If a time dependent 
task is requesting use of system resources and its 
programmable time request is also active, it will be 
granted access. If the programmable time request is 
active, but the task is not requesting use of resources, 
then task scheduler 22 will give the grant of access 
to the highest priority group requesting access to sys- 
tem resources. The task within such highest priority 
group whose turn is active according to a round robin 
scheme and is also requesting access to system re- 
sources will receive the grant of access. 

Referring now to FIGURE 5, the process for han- 
dling group requests will be described. 

Each group of tasks is assigned a priority from 
highest to lowest. For example, group 1 may be as- 
signed a highest priority and group N may be as- 
signed a lowest priority. If. for example, a task from 
group 1 [task X(k)] is requesting access, a request ac- 
tive line is raised to the group section 502 of task 
scheduler 22. 

If group 1 is active, task X(k) is subg ranted ac- 
cess before any task of a lower priority group. 

If there is more than one task from a particular 
group which is requesting access to system resourc- 
es at any time, the group round robin circuit 602 of 
task scheduler 22 resolves the conflict. 

Referring now to FIGURE 6. if a plurality of tasks 
all from a single group such as task X(j). task X(k), etc. 
are all requesting access to system resources, group 
round robin circuit 602 controls the granting of access 
to tasks in the same group in a manner similar to a 
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traffic control signal. Group round robin circuit 602 
stores the task number of the last task in the group to 
have been granted access and updates that storage 
as each next task in the group is granted access in 
turn. Thus, one by one, all tasks in the group are s 
granted access in turn. An exception might occur if a 
higher priority group or a time dependent isochronous 
task requests access to system resources. 

Refening now to FIGURE 7 and to FIGURE 12. 
the programmable time scheduling circuit 700 of task io 
scheduler 22 will be described for handling isochron- 
ous or time dependent task requests. Each task re- 
quiring isochronous support will have its task number 
written in task sequence random access memory 
(RAM) 702. The order of tasks in RAM 702 will deter- is 
mine the order of each task's time period. If certain 
tasks require support more often than others, the task 
number can be written into RAM 702 more than once. 
(Note task A appears four times in the example shown 
in FIGURE 7.) As address counter 704 increments 20 
through all addresses in RAM 702, register 706 is up- 
dated with the last value read from RAM 702. Register 
706 stores a task number. The value in register 706 
determines which task is given a particular time per- 
iod. If that task is also requesting use of system re- 25 
sources, that task will receive the final grant from task 
scheduler 22. If the task is not requesting use of sys- 
tem resources during its allocated time period, the fi- 
nal grant will be based on group priority requests as 
described above with respect to FIGURES 5 and 6. As 30 
the programmable clock generator circuit 708 which 
is loaded with an initial value from processor 12 conv 
pletes a cycle, address counter 704 increments and 
points to the next location in RAM 702. The value in 
register 706 will be updated, and another task number 35 
will be given the particular time slot. Since the pro- 
grammable counter 708 is programmable under the 
control of processor 12. the time period length for 
each task can be updated as needed by processor 12. 
The count value initially stored in programmable 40 
counter 708 will detemiine the length of time that any 
task can have a highest priority time slot and how of- 
ten the time window will change. Address bus 712 and 
data bus 16 allows processor 12 to initialize RAM 702 
with the desired task sequence and allows processor 45 
12 to store a desired time period value in programma- 
ble counter 708. Using a base clock signal as an input, 
programmable counter 708 generates an increment- 
/read pulse once each time period. The counter will be 
reloaded with the original value stored in programme- so 
ble 708 and continue counting. The increment/read 
pulse will go to rollover counter 704 (which is the ad- 
dress counter for RAM 702) and increment rollover 
counter 704 to a next value. Rollover counter 704 may 
also be programmable to allow the address range of 55 
RAM 702 to be altered as needed by processor 12. 
Rollover counter 704 is used as RAM 702 address 
during normal operation. The increment/read pulse 



will also read RAM 702 and store the value in register 
706. The output of register 706 provides an input to 
the final grant portion of task scheduler 22 a^ shown 
in FIGURE 8. 

Referring now to FIGURE 8, the final grant sec-, 
tlon 802 of task scheduler 22 will be described. As fi- 
nal grant-section 802 receives inputs from program- 
mable time section 700 and group section 500. a first 
determination is made as to whether any task is cur- 
rently active. If so. then such task is given final grant 
of access to system resources. If a time dependent 
task is not active, a determination is made if any 
group request is active. If a group request is active, 
then final grant of access to system resources is 
granted to the subgrant request task number from 
group priority circuit 502. 

Referring now to FIGURE 9, a circuitfor determin- 
ing priority level among requests from different 
groups will be described. A number of active requests 
from groups 1, M, and N are presented to prioritiza- 
tion circuit 802. (Circuits for establishing a priority lev- 
el among a number of inputs are well-known in the art 
and will not be described in detail in this application.) 
The highest priority active request will provide an out- 
put to multiplexer 804. As an example, assume that 
there is an active request from group M and an active 
request from group N and that there is no active re- 
quest from any group having a higher priority than 
group M where the highest priority is group 1 and the 
lowest priority is group N. Prioritizatran circuit 802 will 
provide two outputs. Afirst output indicates that there 
is an active request (see FIGURE 5), and a second 
output to multiplexer 804 identifies the highest prior- 
ity group (in this case group M) having an active re- 
quest. Multiplexer 804 then selects the task associat- 
ed with the highest priority group (group M) and pro- 
vides an output (Task Grant) with an associated task 
identification number. 

Referring now to FIGURE 10, and to FIGURE 6, 
a logic implementation of a round robin selection cir- 
cuit will be described. Each request (REQ 1, REQ K, 
REQ N) is connected as one input to an AND gate 
which allows each request to set the associated latch 
1002. 1004, 1006. one time for each cycle such that 
if. for example, request 1 should become active a sec- 
ond time before the round robin cycle has been com- 
pleted, request 1 would be inhibited by latch 1008 
from setting latch 1002. Thus, as each request REQ 
1. REQ K, ... REQ N becomes active in turn, it is al- 
lowed to set its associated request latch 1002, 1004, 
1006 once for each round robin cyde. Select logic 
made up of AND and OR gates 1010, 1012. 1014, 
1016, 1018, and 1020 allow a particular request such 
as request 1 to be granted access to system resourc- 
es only if its associated latch such as latch 1002 is set 
indicating that request 1 is active during its turn in the 
round robin scheme. 

Refen-ing now to FIGURE 11, select logic 1102 
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matches a task number having a predetermined time 
period for access to system resources as was descri- 
bed above with reference to FIGURE 7 with its asso- 
ciated active request (such as K REQ). 

Only if the request is active during its assigned 5 
period will the output from select logic 1102 take pri- 
ority in priority logic 1104 over the priority assigned to 
groups of non-time-dependent tasks. The isochron- 
ous tasks always have the highest priority in priority 
circuit 1104, but claim that priority only if there is a 10 
match between task number and request in select log- 
ic 1102. If there is no match output from select logic 
1102. then the group request having the highest pri- 
ority will be granted access to system resources. 

Refening again to FIGURE 12. all of the task 15 
scheduling mechanisms described above are shown 
in a single diagram with the programmable task 
scheduling circuit near the top of the diagram and a 
group requests and round robin circuits towards the 
bottom of the diagram. 20 



Claims 

1. A data processing system having a dynamic pri- 25 
ority task scheduler, comprising: 

a processor for processing tasks; 

a memory, for storing control information and 

data, associated with said processor; 

a system bus for communicating control informa- 30 

tion and data between said processor and said 

memory; 

a bus controller connected to said processor and 
said memory by said system bus and to a data 
bus for controlling data flow between said proc- 35 
essor. said memory and said data bus, and for 
scheduling tasks presenting requests for access 
to said processor, to said memory or to other sys- 
tem resources, based on a task arbitration strat- 
egy which includes an integrated plurality of ac- 40 
cess granting means for handling isochronous as 
well as priority level based requests; 
a data bus for communicating data from said 
processor or said memory to one or more data in- 
terface units; 45 
one or more data interface units for communicat- 
ing control and data signals between said data 
bus and a plurality of devices requesting access 
to said processor or said memory; and 
a plurality of devices requesting access to said so 
system resources. 

2. A data processing system, according to claim 1, 
wherein said integrated plurality of access grant- 
ing means further comprises: 55 
first means for handling isochronous task re- 
quests having a dynamically variable access 
time requirement; 



second means for handling task requests based 
on a predetermined priority of groups of request- 
ers; and 

third means for handling task requests from one 
or more tasks in a group having a same predeter- 
mined priority. 

3. A data processing system, according to claim 1, 
wherein said integrated plurality of access grant- 
ing means grants a highest priority to isochron- 
ous tasks requests. 

4. A data processing system, according to claim 2, 
wherein said third means grants access to re- 
quests having a same priority level on a round ro- 
bin basis. 

5. A data processing system, according to daim 1, 
wherein said bus controller further comprises: 
means for managing a plurality of data buffer reg- 
isters in response to requests for access to sys- 
tem resources. 

6. A method for dynamically scheduling a plurality of 
tasks in a data processing system, comprising the 
steps of: 

requesting, by a plurality of tasks, access to ele- 
ments of said data processing system; 
determining a first priority level for each request 
presented; 

granting access to a request having a highestf irst 
priority level for requests having different first pri- 
ority levels; 

determining if two or more requests for access 
have a same first priority level; 
storing said two or more requests in a queue if 
said determining step indicates two or more re- 
quests have a same first priority level; 
granting access to each of said two or more re- 
quests in turn such that ail of said two or more re- 
quests are granted access to elements of said 
data processing system; and servicing said re- 
quests. 

7. A method, according to claim 6, further compris- 
ing the steps of: 

determining if any of said requests for access is 
for an isochronous task; 

assigning a predetermined time period for each 
said isochronous task; and 
granting a highestf irst priority level to any said re- 
quest for an isochronous task during said prede- 
termined time period assigned to said task. 

8. A task scheduler for granting access to system re- 
sources in a data processing system in response 
to a plurality of requests for access, comprising: 
means for detennining a first priority level for 
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each of said requ sts for access; 
means for granting access to a request having a 
highest first priority level among two or more re- 
quests having different first priority levels; 
means for storing said two or more requests in a 5 
queue if it is determined that two or more re- 
quests have a same first priority level; and 
means for granting access to each of said two or 
more requests having a same first priority level in 
a predetermined sequence such that ail of said io 
requests are granted access to said system re- 
sources. 

9. A task scheduler, according to claim 8, further 
comprising: is 
means for determining if any of said plurality of 
requests for access is for an isochronous task; 
means for assigning a predetermined time period 

for each said isochronous task for access to sys- 
tem resources; and 20 
means for granting a highest first priority level to 
said request for an isochronous task during said 
predetermined time period assigned to said task. 

10. A task scheduler, according to daim 9. wherein 25 
said means for assigning a predetermined time 
period for each said isochronous task is program- 
mable to permit dynamic modification of said 
time period in response to requests for access. 
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